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ABSTRACT 
Based on the recently published Organisation for Economic Co-operation and 
Development (OECD) input-output database at constant prices, this research 
proposes a new model to compare the linkages of the construction and real estate 
sectors in national economies with the consideration of the impact of capital. 
Empirical results indicate that the linkages are extremely underestimated in 
previous research. The backward and forward linkages of the real estate sector are 
smaller than those of the construction sector, which means in economic 
development, construction plays a more important role than real estate, given the 
impact of capital. More importantly, the findings prove that the linkages from a 
standard input-output model have been largely underestimated. The findings can 
aid governments and businesses making relevant policies and strategies.   
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INTRODUCTION 
The linkage concept has been recognized as playing a crucial role and providing 
substantial contributions towards guiding appropriate strategies for future 
economic development (Sudaryanto, 2003). A sector’s relationships with the rest 
of the economy through its direct and indirect intermediate purchases and sales 
are described as the sector’s linkages (Miller and Lahr, 2001; Cai and Leung, 
2004). The concept of linkage explains how the internal structure of an economy 
behaves, by visualizing it as an interconnected system of sectors that directly and 
indirectly affect one another (Miller and Lahr, 2001).  
Many researchers have stressed the importance of linkages for achieving a healthy 
economic system. According to Hirschman (1958), linkages play an important 
role in initiating and transmitting the process of economic development and 
diversification of the sectoral structure of the economy. Cella (1984) states that 
information about linkages, and its spreading effects throughout the economy, are 
very valuable in forecasting and directing economic activities. Forni and Paba 
(2001) suggest that a relatively fast diffusion of knowledge and new technologies 
always goes with strong linkage effects and concludes that the linkages are an 
important source of technological externalities. Porter (2004) assets that linkages 
are one of the most important factors for gaining competitive advantages. For 
those sectors with the strongest linkages it should be possible to stimulate a more 
rapid growth of production, income and employment than with alternative 
allocations of resources. What is more, the linkages are important for the number 
of innovations developed in a country because there is a positive relationship 
between the diversity of the local sector structure and the number of innovations 
developed by these sectors (Hoen, 2002). 
The construction and real estate linkages have attracted considerable research 
interest over time (Bon, 1988; Polenske and Sivitanides, 1990; Pietroforte et al., 
2000; Pietroforte and Gregori, 2003; Song et al., 2005b; Song et al., 2006a; Song 
et al., 2006c). However, relevant studies based on the standard input-output model 
have “a significant limitation” because “the flow of capital goods is not 
addressed”, given the important effect of capital on construction (Bon, 2000). 
Consequently, the linkages of construction and real estate are extremely 
underestimated. This research therefore proposes an alternative input-output 
model to resolve this significant limitation of using capital as a produced means of 
production. The new model is then applied to the construction and real estate 
sectors of seven selected OECD countries and the linkages are re-calculated and 
compared. This paper comprises a review of linkage measures and capital as an 
intermediate production factor, a description of the research method used, an 
analysis of the empirical results, comparison and discussion of the capital effects 
for real estate and construction and finally some interesting conclusions. 
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CONSTRUCTION AND REAL ESTATE LINKAGE LITERATURE 
In the context of input-output tables, the linkages can be categorized into two 
groups according to the direction of interdependencies. One is the backward 
linkage, which identifies how a sector depends on others for their input supplies. 
Another is the forward linkage, which identifies how the sector distributes its 
outputs to the rest of the economy. The backward and forward linkages have been 
used extensively for the analysis of interdependent relationships between 
economic sectors in order to determine appropriate development strategies. More 
importantly, these two linkages can indicate a sector’s economic pull and push 
because the direction and level of such linkages represent the potential capacity of 
a sector to stimulate other sectors and then reflect the role of this sector 
accordingly (Pietroforte and Gregori, 2003). 
 
The input-output model has been widely applied to the construction sector due to 
the pioneering work of Ranko Bon and his colleagues since the late of 1980s. Bon 
and his colleagues first applied the linkage concept to the construction sector 
(Bon, 1988; Bon and Pietroforte, 1990; Polenske and Sivitanides, 1990). They 
considered that the input-output technology is an ideal tool, which provides a 
framework for studying both direct and indirect resource utilization in the 
construction sector. Bon and his colleagues discussed well the linkages of 
construction in Italy (Pietroforte and Bon, 1995; 1999), Japan (Bon and 
Pietroforte, 1990), Turkey (Bon et al., 1999), and the United States (Bon and 
Pietroforte, 1993). What is more, Polenske and Sivitanides (1990) analyzed the 
backward linkages of the construction sector for 15 countries. Recent studies on 
construction linkages using the conventional method can still be found. Pietroforte 
et al. (2000) discussed the role of the construction sector in the economy of Italy’s 
North and South over a period of more than 30 years. Pietroforte and Gregori 
(2003) first used the OECD input-output tables to conduct an input-output 
analysis of the construction sector in highly developed economies. Su et al. (2003) 
examined the backward and forward linkages of the Taiwanese construction 
section using 12 input-output tables compiled between 1964 and 1999. Wu and 
Zhang (2005) analyzed the Chinese construction sector using the input-output 
technology. Song et al. (2006c) investigated the construction linkages using the 
OECD input-output tables.  
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 Using the OECD input-output table, Liu et al. (2005) analyzed the real estate 
linkages of seven selected countries using the traditional method. Song et al. 
(2005b; 2006b; 2006c) proposed a linkage measure framework to explore the 
linkages between the real estate sector and other sectors. Song and Liu (2005) 
analyzed the economic performance and sectoral linkages of the Australian 
property sector in the 1990s. Findings suggested that the Australian residential 
property sector had played a more important role than the commercial sector in 
the Australian economy. While the backward linkage of the residential property 
sector showed a decreasing economic pull, that of commercial property showed an 
upward trend. The Australian property sector had the medium economic push 
strength because all residential property services and most of the commercial 
property services flowed into final demand. Over the study period, the input and 
output compositions of the property sector remained stable. Moreover, Liu and 
Song (2004) applied the linkage method to measure real estate productivity. Song 
et al. (2004; 2005a) compared the linkages between the construction and real 
estate sectors. However, all these researchers considered capital as a primary 
factor and ignored the impact of capital (Song et al., 2006a). As a result the 
linkages of construction and real estate have been greatly underestimated. A new 
model is therefore urgently needed to overcome these significant shortcomings. 
 
RESEARCH METHODOLOGY  
The basic idea of this proposed methodology includes two steps. The first step 
extends the intermediate matrix from n sectors to n+1 sectors while considering 
capital as an intermediate production factor.  The second step aggregates the n+1 
sectors table into an n sectors table.  
 
The first step assumes that the gross fixed capital formation undertaken by each 
sector represents the flow of capital goods required to maintain the industry on its 
current growth path. Since the gross fixed capital formations are known, the input-
output matrix is augmented by additional rows and columns. Starting with a 
standard input-output table, an economy consists of n sectors and the basic 
balance equation of the Leontief model can be shown as:  
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 (I-A)X=Y (1) 
 where X denotes a vector of gross output, A denotes the matrix of technical 
coefficients (n×n) and Y denotes a vector of final demand. Following Wolff 
(1994),  the augmented input-output model (n+1 sectors) can be expressed as:  
 YXAI =− )(  (2)  
Step two is an aggregation procedure which tries to aggregate the n+1 sectors 
table into an n sectors table. From Eq (1), resolving X in terms of Y gives: 
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Matrix B  is the inverse matrix of  ( )AI −  and it is partitioned in conformity with 
the partitioning of ( )AI − .  
So, Eq. (3) can be split in two: 
 2121111 YBYBX +=  (4) 
 2221212 YBYBX +=  (5) 
Multiplying both sides of (4) by 111
−B , then gives: 
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Because 02 =Y ,  Eq. (6) can be expressed as: 
 [I-( A+CK)] X=Y- C(KX) (7) 
Thus, a new input-output model is created. The new model resolves the two 
shortcomings mentioned above. As can be seen, on the right hand side of Eq. (7), 
the capital item is deducted from the final demand Y and is added to the technical 
coefficients matrix A. The difference between the new system (7) and the original 
system (1) is that the new system considers the capital as an intermediate factor 
and treats capital as an intermediate input, whereas the original system treats 
capital as a primary input. The difference between the new system (7) and the 
augmented system (2) is that the new system comprises n sectors, whereas the 
augmented system comprises n+1 sectors. The new technical coefficients matrix 
(A+CK) reflects implicitly the input requirements of capital. In fact, the matrix 
describes the combination of the original intermediate inputs and capital input 
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directly and indirectly. For example, the construction column of the new matrix 
not only includes the amount of original intermediate inputs required to produce 
a unit of construction, but also the amount of capital required. Thus, capital 
makes sense as one tries to explore the direct linkages between the construction 
sector and other sectors. Moreover, the new matrix also reflects the 
technological characteristics of all the other sectors including the capital sector. 
 
LINKAGE MEASURES WITH THE IMPACT OF CAPITAL 
The OECD input-output database, which is published by the Economic Analysis 
and Statistics Division of the OECD, provides appropriate multinational economic 
data (OECD, 1995). This is the most comprehensive database for comparing the 
construction sectors internationally so far (Pietroforte and Gregori, 2003; Liu et 
al., 2005). It should be noted that the OECD input-output database does not 
provide the data for all countries constantly. Due to the complex estimation 
procedures and massive data sources that must be incorporated, the input-output 
table is usually not compiled for each successive year but, instead, every few 
years (OECD, 1995). Using the OECD input-output table, the proposed model is 
applied to measure the linkages of the real estate and construction sectors of 
Australia, Canada, Denmark, France, Japan, Netherlands, and the United States 
over 20 years. 
 
REAL ESTATE LINKAGES  
Backward linkages of the real estate sector 
The backward linkage (technical indicator) demonstrates the industrialisation of 
the real estate sector and the proportion of the intermediate input to total input of 
the real estate sector. It represents the strength of the real estate sector’s economic 
pull. The larger the value, the higher the national technologies level of the 
intermediate inputs and the stronger the pull of the real estate sector. Figure 1 
reports the backward linkage of the real estate sectors. Considering the effect of 
capital, the values of the backward linkage are scattered between 1.5 and 3.25. 
Moreover, Figure 1 shows two distinct groups of countries: Canada, USA and 
France with a relatively lower backward linkage (from 1.5 to 2) and the remaining 
countries with higher ones (from 2 to 3.25).  
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Figure 1 The backward linkage of the real estate sectors with the impact of capital 
 
The backward linkage rankings of the real estates in all 36 sectors are reported in 
Table 1. Except for Japan, all rankings of the other counties remain constant. The 
main reason seems to be the real estate bubble that burst in Japan in the late 1980s 
(Pietroforte and Gregori, 2003). The ranking suggests a relatively lower 
industrialisation level of the real estate sector, or in other words, the real estate 
sector’s ability to pull the rest of the economy is weaker in the short run, given the 
impact of capital. Due to the fact that real estate plays a fundamental connecting 
role in the value chain (Roulac, 1999), the relatively lower economic pull level is 
reasonable for the real estate sector. 
 Early-1970s Mid/Late-1970s Early-1980s Mid-1980s Late-1980s 
Australia N/A N/A N/A 24 25 
Canada 33 33 33 32 32 
Denmark 28 27 29 27 27 
France N/A N/A 29 31 30 
Japan 23 27 32 32 31 
Netherlands 17 21 23 21 . 
USA 32 32 33 32 32 
Table 1 The backward linkage rankings of the real estate sector 
 
 Forward linkages of the real estate sector 
Considering the impact of capital, the forward linkage of a sector reflects the 
dependence of the remaining sectors in the economy on this sector’s supplies that 
are required within the production process. A weak forward linkage shows a 
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strong sectoral independence and a weak economic push of the construction sector. 
The forward linkages of the real estate sector for the seven selected countries are 
reported in Figure 2.  
The values of forward linkage are stabilising at a higher value between 2.01 and 
4.96 compared with the backward linkage. The real estate sectors of Canada, 
Australia, Japan, and Netherlands show a stronger economic push and a weak 
sectoral independence with a higher forward linkage, while the others have a 
weaker one, given the impact of capital. As can be seen in Table 2, most of 
rankings of forward linkages present a constant low ranking when considering 
capital as an intermediate input, which represents a weak economic push of the 
real estate sector as a whole. 
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Figure 2 The forward linkage of the real estate sectors with the impact of capital 
 Early-1970s Mid/Late-1970s Early-1980s Mid-1980s Late-1980s 
Australia N/A N/A N/A 27 25 
Canada 11 10 14 14 14 
Denmark 28 26 27 28 25 
France N/A N/A 21 21 18 
Japan 28 28 30 27 27 
Netherlands 23 23 24 22 N/A 
USA 23 25 23 25 23 
Table 2 The forward linkage rankings of the real estate sector 
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CONSTRUCTION SECTOR LINKAGES  
Backward linkages of the construction sector 
Taking capital into account,  Table 3 reports the backward linkage of the 
construction sectors and their rankings in the whole economy. The values of the 
backward linkage are scattered between 3.75 and 13.21. Considering the effect of 
capital, most of the backward linkages (with the exception of Australia and 
Canada) and all rankings show a slightly decreasing trend, which reflects the 
declining role of the construction sector with economic maturity over the 
examined period. In fact, most of backward linkages of the construction sectors 
are ranked in the top ten.  With the impact of capital, the construction sector still 
has a higher backward linkage. 
Early-1970s Mid/Late-1970s Early-1980s Mid-1980s Late-1980s
Australia 9.81 11.64
Rank 5 8
Canada 6.52 3.75 5.26 4.60 5.49
Rank 6 7 7 6
Denmark 7.26 7.80 6.15 5.87 5.94
Rank 2 3 2 4
France 4.04 4.14 4.89
Rank 4 4 4
Japan 13.16 13.21 11.68 9.76 10.67
Rank 2 3 3 2
Netherlands 8.29 7.62 6.33 8.04
Rank 3 4 5 7
USA 4.56 4.42 4.72 4.81 4.24
Rank 3 3 3 2
N/A N/A N/A
N/A
N/A N/A
7
4
1
2  
Table 3 The backward linkage of the construction sectors 
 
 Forward linkages of the construction sector 
The forward linkages of the construction sector for the seven selected countries 
are reported in  Table 4. The values of forward linkage are stabilising at a lower 
value between 2.38 and 9.49 compared with the backward linkage. The 
construction sectors of Australia, Japan, Netherlands and France show a stronger 
economic push and a weak sectoral independence with a higher forward linkage, 
while the others have a weaker one. As can be seen, most of values and rankings 
of forward linkages present a decreasing trend when considering capital as an 
intermediate input. Australia and the Netherlands are the exemptions. The 
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Australian values of forward linkage are increasing with decreasing ranks while 
both the values and rankings of the Netherlands are increasing. 
 
COMPARISONS OF THE BACKWARD AND FORWARD LINKAGES 
Figure 3 compares the average backward linkage and forward linkage between the 
real estate and construction sectors. Empirical results indicate that the  backward 
and forward linkages of the real estate sector are smaller than those of 
construction, which means in economic development, construction plays a more 
important role than real estate, given the impact of capital. Comparing the 
backward and forward linkages between real estate and construction, both figures 
Early-1970s Mid/Late-1970s Early-1980s Mid-1980s Late-1980s
Australia 7.73 9.49
Rank 11 15
Canada 4.38 2.54 3.74 3.22 3.57
Rank 14 19 17 17 19
Denmark 5.31 5.81 4.76 4.36 4.32
Rank 13 13 12 13 14
France 2.38 2.50 2.84
Rank 20 17 16
Japan 7.30 7.18 6.05 5.23 5.46
Rank 7 6 7 7
Netherlands 6.16 5.81 4.83 6.39
Rank 9 8 10 8
USA 3.20 3.18 3.18 3.15 3.11
Rank 10 10 14 14 14
N/A N/A N/A
N/A
N/A N/A
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 Table 4 The forward linkage of the construction sectors 
 
have the same characteristics, that is, the construction sector has a higher 
backward linkage compared with its forward linkage, while the real estate sector 
has a higher forward linkage compared with its backward linkage, given the 
impact of capital. The higher forward linkage in real estate shows that the 
proportion of final demand of the real estate sector is larger than its intermediate 
demand in most of the selected countries. The main reason is that real estate has a 
major role in creating demand and attracting the buyer to the distribution system 
of the economy. On the other hand, the higher backward linkage in construction 
reflects the nature of construction operations, which entail the assembly of many 
different products purchased from a large number of industries.  
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The forward linkage of the construction sector is at a relatively low level, and 
varies less during the study period, which implies the repair sub-sector of 
construction in national income accounts is generally underestimated, and capital 
repair work is accounted for as a part of final demand. The values are different in 
different countries in terms of the strengths of the maintenance and repair sub-
sectors. The backward linkage of construction reflects a high technological level 
and high pull strength. Conversely, the technical indicator of the real estate sector 
is relatively low, which represent its low technological level and weak pull 
strength over the study period. In other words, the real estate sector’s ability to 
pull the rest of the economy is weaker than that of the construction sector, given 
the impact of capital. 
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Figure 3  Linkage comparisons between real estate and construction 
 
THE DISCUSSION OF THE EFFECTS OF CAPITAL  
When considering capital as an intermediate input, the effects of capital on real 
estate and construction linkages are worthy of investigation. The linkage 
differences are compared horizontally and vertically. To some extent, the 
differences can demonstrate the effect of capital on the real estate and 
construction sectors. 
 
The capital effects on real estate 
For analytical convenience, the linkages with the impact of capital are called 
Pattern A, while the linkages without the impact of capital are called Pattern B. 
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The average values of two linkage groups for each country are calculated and 
reported in Table 5. As expected, Pattern A has a higher value than Pattern B, and 
the linkages from a standard input-output model are extremely underestimated.  
As a capital-intensive sector in highly developed countries, the real estate sector 
has both higher backward and forward linkages which represent the higher capital 
As expected, Pattern A has a higher value than Pattern B, and the linkages from a 
standard input-output model are extremely underestimated.  As a capital-intensive 
sector in highly developed countries, the real estate sector has both higher 
backward and forward linkages which represent the higher capital requirement 
and fix capital outputs.   
 
Linkages Australia Canada Denmark France Japan Netherlands USA
Backward 2.975 1.633 2.216 1.685 2.316 2.498 1.680
Forward 3.458 4.007 2.155 2.466 3.021 2.598 2.235
Backward 1.473 1.491 1.511 1.509 1.294 1.519 1.409
Forward 1.686 2.759 1.518 1.969 1.940 1.480 1.883
Pattern A
Pattern B
 
Table 5 Average real estate linkages for each country over the examined 
period requirement and fix capital outputs.   
 
Moreover, the average values of two linkage groups for each examined period are 
computed and presented in Table 5, which shows two characteristics. First, all 
linkages in Pattern B are far lower than Pattern A for each examined period. 
Second, both linkage groups show am increasing trend between the initial and 
final stage of the examined period, which confirms the increasing role of the real 
estate sector with economic maturity over the examined period, given the effects 
of capital.  
Linkages Early-1970s Mid/Late-1970s Early-1980s Mid-1980s Late-1980s
Backward 2.239 2.184 1.849 2.034 2.129
Forward 3.008 2.753 2.668 2.661 3.059
Backward 1.452 1.437 1.415 1.456 1.528
Forward 1.917 1.933 1.915 1.863 1.987
Pattern A
Pattern B
Table 6 Average real estate linkages of each examined period 
 
The capital effects on construction 
Similarly, the average values of two linkage groups for each country are 
calculated and reported in Table 7. As expected, Pattern A has a higher value than 
Pattern B, and the linkages from a standard input-output model are extremely 
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underestimated.  As a capital-intensive sector in highly developed countries, the 
construction sector has both higher backward and forward linkages which 
represent the higher capital requirement and fix capital outputs. Moreover, the 
average values of two linkage groups for each examined period are computed and 
presented in Table 8 which shows two characteristics. First, all linkages in Pattern 
B are far lower than Pattern A for each examined period. Second, both linkage 
groups show a declining trend between the initial and final stage of the examined 
period, which confirms the decreasing role of the construction sector with 
economic maturity over the examined period, given the effects of capital.  
 
Linkages Australia Canada Denmark France Japan Netherlands USA
Backward 10.113 5.123 6.605 6.192 11.696 7.568 4.551
Forward 8.093 3.490 4.911 3.717 6.241 5.799 3.164
Backward 1.869 2.162 2.192 2.071 2.426 2.132 2.038
Forward 1.108 1.274 1.449 1.129 1.159 1.459 1.356
Pattern A
Pattern B
  
Table 7 Average construction linkages for each country over the examined period 
 
 
Linkages Early-1970s Mid/Late-1970s Early-1980s Mid-1980s Late-1980s
Backward 8.337 7.875 6.363 6.719 7.145
Forward 5.662 5.321 4.156 4.652 4.800
Backward 2.085 2.146 2.182 2.127 2.156
Forward 1.261 1.313 1.316 1.286 1.251
Pattern A
Pattern B
  
Table 8 Average construction linkages of each examined period 
 
CONCLUSIONS 
This research proposes a new model for comparing the linkages of the 
construction and real estate sectors in national economies with the consideration 
of the impact of capital. Empirical results indicate that the backward and forward 
linkages of the real estate sector are smaller than those of construction, which 
means in economic development, construction plays a more important role than 
real estate, given the impact of capital. More importantly, the findings prove that 
the linkages derived from a standard input-output model are extremely 
underestimated. 
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